Background: Under-reporting of tuberculosis (TB) cases complicates disease control, hinders contact tracing and alters the accuracy of epidemiological data, including disease burden. The objective of the present study is to evaluate the proportion of unreported TB cases in Spanish healthcare facilities and to identify the associated factors. Methods: A multi-center retrospective study design was employed. The study included TB cases diagnosed in 16 facilities during 2011-2012. These cases were compared to those reported to the corresponding public health departments. Demographic, microbiological and clinical data were analyzed to determine the factors associated with unreported cases. Associated factors were analyzed on a bivariate level using the x 2 test and on a multivariate level using a logistic regression. Odds ratios (OR) and 95 % confidence intervals (CI) were calculated. Results: Of the 592 TB cases included in the study, 85 (14.4 %) were not reported. The percentage of unreported cases per healthcare center ranged from 0-45.2 %. The following variables were associated to under-reporting at a multivariate level: smear-negative TB (OR = 1.87; CI:1.07-3.28), extrapulmonary disease (OR = 2.07; CI:1.05-4.09) and retired patients (OR = 3.04; CI:1.29-7.18). A nurse case manager was present in all of the centers with 100 % reporting. The percentage of reported cases among the smear-positive cases was 9.4 % and 19.4 % (p = 0.001) among the rest of the study population. Smear-positive TB was no associated to under-reporting. Conclusions: It is important that TB Control Programs encourage thorough case reporting to improve disease control, contact tracing and accuracy of epidemiological data. The help from a TB nurse case manager could improve the rate of under-reporting.
Background
Tuberculosis (TB) continues to be an important public health problem worldwide. In 2013, 9 million people developed TB and 1.5 million people died from the disease [1] . An estimated three million people with TB in 2012, one third of the total cases, were not reported to a national surveillance system [1] . Prevention and control requires quick and systematic reporting of new TB cases to surveillance centers to ensure treatment compliance and to facilitate contact tracing.
The incidence of reported TB cases in the European Union countries is 13.5 per 100,000 inhabitants [2] and is predominant among vulnerable populations [3] . Spain is considered a country of low TB incidence, with a rate of 14.7 cases per 100,000 in 2012 [2] . However, the distribution between different regions, or autonomous communities, is not equal, and ranges between 8 and 29 cases per 100,000 inhabitants [4] .
The low TB incidence observed in Spain during recent years could be not only a result of disease control, but could also be a reflection of missed diagnoses or underreporting [5, 6] . The potentially missed diagnoses or unreported cases would affect TB incidence in the country. This has been previously observed and published in other countries [6] [7] [8] [9] [10] [11] [12] , but not well-studied in Spain. Data published on rate of unreported cases in Spain is limited to only one region [13] [14] [15] , and was estimated at around 20 % [13] [14] [15] [16] . In Galicia and Barcelona, two areas with effective TB control programs, the TB incidence is higher than the national average. This may be also due to under-reporting in other parts of Spain.
Identifying factors that are associated with underreporting will allow us to target areas in need of better TB diagnosing and reporting, to in turn improve disease control. The objective of the present study is to describe the extent of unreported TB cases from healthcare facilities in various regions in Spain, and to identify the factors associated with unreported cases.
Methods

Study design
This is a multi-center, retrospective study on a cohort of TB cases diagnosed in 16 hospitals in Spain ( Fig. 1) 
Case definitions and data collection
Clinical, microbiological, and pathological documents were obtained from each healthcare facility, in both electronic and paper form. The following criteria were used for pulmonary and extrapulmonary TB diagnosis: microbiological confirmation of Mycobacterium tuberculosis complex, pathology report compatible with TB (ie caseous granulomas by biopsy), or absence of microbiological confirmation but medically-deemed active TB by clinical and radiological findings. TB cases per healthcare facility records were linked to a list of TB cases provided by the corresponding public health department.
Unreported case was defined as a case that was detected in hospital records but not present in the TB registry of the corresponding public health department.
TB cases were classified as smear-positive, smearnegative or extrapulmonary, according to WHO criteria [17] .
Clinical and epidemiological data was collected from patient records and registries, and stored in a database with electronic access using identifying information with a password for each of the study investigators.
The following variables were studied: socio-demographic data (age, sex, country of origin, employment, living Fig. 1 Geographical location of the participating healthcare centers in the study situation, site of diagnosis and toxic habits), clinical data (HIV co-infection, history of previous TB treatment, disease involvement and radiographic findings), and microbiological data (smear, culture and anti-TB drug sensitivity results).
Ethics
The study was performed in accordance with the requirements stipulated in the Declaration of Helsinki (Tokyo revision, October 2004) and the Spanish Data Protection Act of 15/1999. The study was approved by the Independent Ethics Committees of the participating healthcare facilities (see Additional file 1).
Statistical analysis
Reported TB cases were classified as "0" and unreported cases as "1." The proportion of total unreported cases and proportion of unreported cases by healthcare facility were calculated. Absolute and relative frequencies were calculated for each variable and factors associated with unreported cases were analyzed on a bivariate level using the x 2 test. A multivariate logistic regression model was constructed with the variables significant at the bivariate level, using manual stepwise selection to consider the factors with a p < 0.05 on a bivariate level. All variables without the presence of colinearity were included in the final model and interaction of covariates was evaluated.
Odds ratio (OR) and corresponding 95 % confidence intervals (CI) were calculated, and goodness of fit was tested using the Hosmer and Lemeshow test. P < 0.05 was considered statistically significant. IBM SPSS Statistics version 19.0 (SPSS Inc, Chicago, IL, USA) was used to perform all statistic analyses.
Results
Of the 592 TB cases diagnosed between 2011-12 at the 16 participating healthcare facilities (Table 1) , 85 cases (14.4 %) were not identified in the public health department registries. This proportion ranged from 0 to 45.2 % according to healthcare facility. One hundred percent of the TB cases from 5 healthcare facilities were reported to the corresponding public health department (all of which have a nurse case manager). The average of unreported cases was 20.7 % among the other 11 healthcare facilities. Microbiological confirmation was present for 509 cases (86 %).
The characteristics of the study population can be found in the Tables 2, 3 and 4. The majority of the cases presented with pulmonary or mixed TB, almost half were smear-positive, and more than one third presented with cavitation on chest x-ray. One third of the patients were over 50 years of age and almost two thirds were between 18 and 50 years old (64.7 %). More than 20 % of the cases lived alone, in a group, or were homeless, and 32.3 % were immigrants. More than half of the study population was diagnosed in the emergency department. Almost half (46.3 %) were smokers or ex-smokers, and around 20 % were alcoholics. HIV co-infection was present in 4.2 % of the population, although HIV status was unknown in 18.6 % of the cases. Almost 6 % of the TB cases were relapse. Four hundred and eleven (69.5 %) were diagnosed in either the emergency department or specialty clinics (Table 2) . On a bivariate level, the following variables were associated with unreported cases: age over 65 years, retirement, smoking history, immigrant status, normal or non-cavitary chest x-ray, smear-negative TB, and the presence of extrapulmonary TB. On a multivariate level, the following variables were associated with unreported TB: retirement (OR: 3.04, CI 1.29-7.18), smear-negative TB (OR: 1.87, CI 1.07-3.28) and the presence of extrapulmonary TB (OR: 2.07, CI 1.05-4.09) (Tables 3 and 4) . The percentage of reported cases among the smearpositive cases was 9.4 % and 19.4 % (p = 0.001) among the rest of the study population. Smear-positive TB was no associated to under-reporting.
Discussion
We found that 14.4 % of TB cases were not reported to a public health department and the proportion of unreported cases ranged between 0 and 45.2 % according to healthcare facility. It is notable that the five healthcare facilities that reported 100 % of their TB cases to the public health department employed a nurse case manager who acted as a liaison between the medical team and the infection control team, assisted with data collection, contact tracing, and case reporting to the public health department. Previous studies in Europe have estimated the rate of unreported TB cases is over 20 % [7, 10, 11, 18, 19] . A rate of 27 % was described in central Italy [10] , 38-49 % in the United Kingdom [7] , and 80 % in Greece [11] . Studies from Spain estimate rates of unreported TB range from 20 % to 46 % [13] [14] [15] 19 ], but these percentages represent a limited geographical area (the Baleares Islands, Area 15 of Alicante, León and Asturias). This range is wide and may be due to the local TB organization.
Regarding the factors associated with unreported TB cases, studies have described high rates of unreported cases among older patients [10, 13] , among those without microbiological confirmation [10] , among patients with absence of cavitary lesions on chest x-ray [10, 13] , and among non-immigrant patients [13] . Our study showed the same results on a bivariate level, but without statistical significance on a multivariate level for age, x-ray findings or country of origin. Retirement was associated with a higher risk of under-reporting, even independent of age. This has also been demonstrated in studies performed in other countries [20] , which describe 25 % of unreported cases among patients over 60 years of age. This may be due to the higher rate of comorbidity conditions and multiple reasons for hospital admission, which could distract the provider that would diagnose and report the TB case. We also found an association between unreported cases and extrapulmonary TB and smear-negative TB, for which the diagnosis may be delayed or without microbiological histology or culture. This was also described in many other studies [7, 10, 13, 20, 21] , and maybe due to the fact that the provider think that transmission is lower among these cases. Nonetheless, reporting TB cases to the public health department is important to identify affected patients promptly thereby lowering transmission, to calculate an accurate incidence, and also to identify the TB index cases. Smear-positive TB patients are more contagious and thus case reporting and contact tracing is crucial. Our study found that 9.4 % of smear-positive cases were not reported, which is actually lower than rates described in other studies [19] .
The majority of the cases were diagnosed and reported from emergency departments and specialty clinics in our study as well as from other published studies [13, 15] , and half of which were diagnosed in the emergency department. Case detection in the primary care setting is essential for early diagnosis and eventual disease control. We found that the diagnosis of TB in primary care centers is not associated with underreporting (Table 3) , which differs from one Spanish study [13] . However the percentage of TB cases diagnosed in primary centers is small and could represent an initial opportunity for diagnosis that was missed. This suggests disease control in the primary care setting may be weak and could be a target for strategies to improve TB diagnosis. Training programs for the diagnosis of TB targeting the general public and primary care providers should be implemented.
When TB is not diagnosed or unreported, an opportunity to prevent disease transmission is lost and the disease can spread. All patients with a concern for TB should be immediately evaluated and the diagnosis should be reported to the public health department without delay [5, 6] . This requires coordination between the hospital, the department of epidemiology, and the microbiology and pathology departments. For example, electronic reporting systems, in which case reports are sent electronically from local to centralized databases, have been implemented in other countries [22, 23] .
Our study also has limitations that are inherent to retrospective studies because of missing information. However, a prospective study design could have led to a bias of high compliance and reporting. The large number of participating healthcare facilities in our study offers a good estimation of unreported TB cases, even with a retrospective design. Additionally, the number of patients who were not evaluated at a specialty clinic is low. The patients who were diagnosed and followed by primary care centers have microbiological data recorded in a microbiology registry compiled with data from specialty clinics, but no electronic medical record.
Conclusions
It is important that TB Control Programs encourage thorough case reporting to improve disease control, contact tracing and accuracy of epidemiological data. This is particularly relevant for TB cases that are smear-negative, given the association with under-reporting. As seen from our study results, the help from a TB nurse case manager could improve the rate of under-reporting. 
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